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Abstract
We study the thermodynamics of charged rotating black hole in large extra
dimensions scenario where quantum gravity effects are taken into account.
We consider the effects of minimal length, minimal momentum, and maximal
momentum as natural cutoffs on the thermodynamics of charged rotating
TeV-scale black holes. In this framework the effect of the angular momentum
and charge on the thermodynamics of the black hole are discussed. We focus
also on frame dragging and Sagnac effect of the micro black holes.
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1. Introduction
The possible of the existence of large extra dimensions [1, 2, 3, 4] has
opened an exciting field of research on commonly predicts the existence of
the quantum gravity. The study of black hole production at particle colliders,
such as the Large Hadron Collider (LHC) [5, 6], and the Muon Collider [7],
as well as in the Ultrahigh Energy Cosmic Ray Air showers [8, 9], are some
of the most significant consequences of TeV-scale quantum gravity. Various
approaches to quantum gravity such as quantum geometry [10], string theory
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[11, 12, 13], and loop quantum gravity [14] all support the idea that near the
Planck scale, the standard Heisenberg uncertainty principle should be refor-
mulated by the so-called Generalized Uncertainty Principle (GUP) [15, 16].
Moreover, some Gedanken experiments in the spirit of black hole physics
have also supported the idea of the existence of a minimal measurable length
[17], which is of the order of the Planck length, lp ∼ 10−35m [18, 19]. On
the other hand, there is an upper bound for momentum fluctuation based on
the context of Doubly Special Relativity (DSR) [20, 21], and a test particle’s
momentum cannot be arbitrarily imprecise. This means that there is also a
maximal particle momentum, Pmax.
In this paper, we are going to study the quantum gravity effects on the ther-
modynamics of rotating micro black holes with conserved charge during their
formation and decay process [22] incorporating GUP. In this case, we con-
sider the micro black hole as a semi-classical black hole just with the initial
angular momentum of the black hole due to the spin states of the incoming
partons. Firstly, we consider a most general form of GUP that admits a
minimal length, minimal momentum, and maximal momentum. We study
the thermodynamics of charged rotating TeV-Scale black holes with extra di-
mensions in the Arkani-Hamed, Dimopoulos, and Dvali (ADD) [1] scenario in
the context of the mentioned GUP. Here, we generalize the thermodynamic
parameters of charged rotating micro black holes such as Hawking temper-
ature and Bekenstein-Hawking entropy. We also investigate frame dragging
and rotation effects on space-time by the Sagnac interferometrical detection
described in terms of the gravito-magnetic Aharonov-Bohm effect. Effects
of extra dimensions, mass, angular momentum, and charge of the black hole
are also discussed.
The article is organized as follows: Section 2 gives our introduction of a
generalized uncertainty principle which admits a minimal length, minimal
momentum, and maximal momentum. In section 3, we obtain an expression
for charged rotating TeV-Scale black hole Hawking temperature and entropy.
Section 4 is devoted to discussing the angular momentum and charge effect
on thermodynamics of the black hole. In section 5, we investigate frame
dragging effect of the charged rotating micro black hole on space-time by
considering the Sagnac effect in the higher dimensional Kerr-Newman fields
in the presence of GUP. The paper follows by conclusion in section 6.
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2. Minimal length, minimal momentum, and maximal momentum
As has been revealed in the introduction, the existence of a minimal ob-
servable length of the order of the Planck length is a common feature of all
promising quantum gravity proposals [18]. Such a smallest length modifies
the Heisenberg uncertainty principle to the so-called Generalized (Gravita-
tional) Uncertainty Principle (GUP) in such a way that δx ≥ ~
2
(
1
δp
+ α2l2p
δp
~
)
,
where α is a dimensionless constant of the order of unity which depends on
the details of the quantum gravity hypothesis. In the Heisenberg uncertainty
principle frame work, δx0 as the minimal position uncertainty could be made
arbitrarily small toward zero due to no essential restriction on the measure-
ment precision of the particle’s position. On the other hand, the existence of
a minimal measurable length would restrict a test particle’s momentum un-
certainty to take any arbitrary values leading non-trivially to an upper band,
based on the Doubly Special Relativity theories [23, 24, 25]. So, there is a
maximal particle’s momentum due to a fundamental structure of space-time
at the Planck regime. Based on the above argument the GUP that predicts
such a smallest length and maximal momentum can be written in such a way
that
δxδp ≥ ~
2
[
1− 2αlp (δp) + 4α2l2p(δp)2
]
(1)
and this leads us to the following canonical commutation relation,
[x, p] = i~
(
1− αp+ 2α2p2) (2)
where α is a positive constant in the presence of both minimal length and
maximal momentum.
By generalizing the Heisenberg commutation relation [26], it was found that
for large distances, where the curvature of space-time becomes important, a
plane wave on a general curved space-time has no rotation [27, 28]. In fact,
there appears to be a limit to the precision with which the corresponding
momentum can be described and it can be expressed as a non zero mini-
mal uncertainty in momentum measurement. As a consequence of the small
correction to the canonical commutation relation, based on the above argu-
ments of this more general frame work of the GUP, one infers the following
expression
δxδp ≥ ~
2
[
1− 2αlp (δp) + 4α2l2p(δp)2 + 4β2l2p(δx)2
]
(3)
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which in the extra dimension scenario based on the ADD model can be
written as follows [29]
δxiδpi ≥ ~
2
[
1− 2αlp (δpi) + 4α2l2p(δpi)2 + 4β2l2p(δxi)2
]
(4)
where α and β are dimensionless, positive coefficients, which are independent
of δx and δp but generally they may depend on the expectation value of
position and momentum. The Planck length in a model of universe with large
extra dimensions is defined as lp =
(~Gd
C3
) 1
d−2 , in which Gd is the gravitational
constant in d dimensional space-time. Based on ADD model, it is given by
Gd = G4L
d−4, where L is the size of extra dimensions.
We suppose that operators of position and momentum obey the following
commutation relation according to the generalized Heisenberg algebra,
[x, p] = i~
(
1− 2αp+ 4α2p2 + 4β2x2) (5)
It has been shown that the thermodynamic quantities of a spherical black hole
can be obtained by using the standard Heisenberg uncertainty principle [30].
In the same manner, the mentioned natural cutoffs brings several new and
interesting implications and modifies the result dramatically by incorporating
quantum gravity effects in black hole physics and thermodynamics. In what
follows, in order to find thermodynamical properties of charged rotating TeV-
scale black hole in the ADD scenario of extra dimensions and its quantum
gravitational corrections, we use the mentioned more general form of GUP
as our primary input and construct a perturbational calculation.
3. Thermodynamics of charged rotating micro black hole
Now, we are going to calculate the thermodynamical properties of charged
rotating micro black hole, using the generalized uncertainty principle. In this
case, the Kerr-Newman geometry describes the empty space surrounding a
charged rotating black hole. Based on the extra dimensions scenario and the
ADD model, a natural candidate for the TeV-scale charged rotating black
hole is that of a higher dimensional Kerr-Newman solution of the Einstein
field equation [31]
ds2 =
(
∆−a2sin2θ∑ ) dt2 − ∑
∆
dr2 + 2a
×
[
1−
(
∆−a2sin2θ∑ )] dtdϕ−∑ dθ2−[∑
+a2sin2θ
(
2− ∆−a2sin2θ∑ )]× sin2θdϕ2 − r2cos2θdΩ2d−4
(6)
4
where equation (3.1) is in Boyer-Lindquist coordinates. Here,
∆ = r2 + a2 − µ
rd−5 −Q2∑
= r2 + a2cos2θ
(7)
the parameters µ and a are respectively related to the mass (M) and the
angular momentum (J) of the black hole via the following relations,
M = (d−2)
16pi
Ad−2µ
J = 1
8pi
Ad−2µa
(8)
and,
M
J
=
(d− 2)
2a
(9)
Here, Ad−2 is the area of a unit (d-2) sphere, which is given by
Ad−2 =
2pi∫
0
dϕ
pi∫
0
sinθcosd−4θdθ
×
d−4∏
i=3
pi∫
0
sin(d−4)−iθidθi = 2pi
(d−4)
2
Γ( d−12 )
(10)
We would like to draw attention to the fact that Q is related to Q′ by Q2 =
N
N−2Q
′2, where Q′ is a Yang-Mill gauge charge [33] and for a vanishing Q = 0,
one recovers the Myers-Perry black hole solution discussed in [32]. In this
case, there are regular inner and outer event horizons, r±, which we obtain
as a solution of equation (3.2)
rd−3 +
[
a2 −Q2] rd−5 − µ = 0 (11)
In fact, similar to the Kerr solutions, in our case the metric has two types of
the horizon-like hypersurface: a stationary limit surface and an event horizon.
While the surface area of the event horizon has been related to the entropy
of a black hole [34], that of the stationary limit surface has not been given
a physical interpretation. On the other hand, when we are dealing with a
charged rotating black hole, the event horizon shrinks, and the inner one
appears. Particularly, the thermodynamics associated with the outer event
horizon of the black hole is related to the fundamental process of Hawking
radiation [35]. By modeling the black hole as a d-dimensional cube of size
equal to its event horizon radius, r+, the position uncertainty, δx, of the
5
Hawking particle at the emission can be chosen as its Compton wavelength
which is proportional to the inverse of the Hawking temperature [36, 37, 38].
The position uncertainty should then not be greater than a specific scale
which is defined as follows [39, 40]
2ζ ≥ δxi (12)
where, this imposes constraint on the momentum uncertainty and ζd =√
r2+d + a
2 where r+d is the event horizon radius in d-dimensional space-
time.
From a heuristic argument [40], based on the standard uncertainty princi-
ple, the uncertainty in the energy of the emitted particle can be obtained as
follows,
δE = cδpi (13)
and by setting G = c = ~ = 1, one deduces the following equation for the
Hawking temperature of a black hole based on the large extra dimension
scenario
TH =
(d− 3) δpi
4pi
(14)
The constant (d−3)
4pi
in the (3.9), is a calibration factor in d-dimensional space-
time [41, 42]. By a simple calculation based on equation (2.4), we obtain
δpi =
(
δxi + αlp
4α2l2p
)1±√4α2l2p (1 + 4β2l2p(δxi)2)
(δxi + αlp)
2
 (15)
So, based on the above view point, the modified black hole Hawking tem-
perature in a model universe with large extra dimension based on the ADD
scenario and GUP becomes
TGUPd =
(d− 3) (2ζd + αlp)
16piα2l2p
[
1±
√
1− 4α
2l2p
(
1 + 16β2l2pζ
2
d
)
(2ζd + αlp)
2
]
(16)
Therefore, the generalized uncertainty principle that admits a minimal length,
a minimal momentum, and maximal momentum gives rise to the existence
of a minimal mass, Mmin, of charged rotating TeV-scale black hole. In this
way, if the negative sign is chosen in equation (3.11), the above result agrees
with the standard result for large mass, based on the Heisenberg uncertainty
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principle. However, there is no evident physical meaning for the positive sign
in equation (3.11).
In order to find the concrete form of charged rotating micro black hole based
on GUP, we consider the loss of information caused by a captured particle by
the black hole which results in the increase of black hole entropy. We obtain
δS ' dS
dA
δA. (17)
After some simple calculation, one can rewrite inequality (2.4) as a Heisen-
berg uncertainty principle format, δxiδpi ≥ γ~′ where ~′ may be regarded as
an effective (modified) Planck constant [40]. Correspondingly, the increase
in area satisfies
δA ≥ γ~′ (18)
where γ = 4 ln 2 is a calibration factor.
The black hole increase in entropy by δSmin = ln 2, as, the information of
one bit is lost when a particle vanishes. On the other hand, the lower limit
of (3.13) gives the minimum increase in the horizon area. So, we obtain
dS
dA
' δAmin
δSmin
= γ~
′
ln 2
= 2
α2l2p
[
(2ζαlp + 4ζ
2)− 2ζ
√
(αlp + 2ζ)
2 − 4α2l2p
(
1 + 16β2l2pζ
2
)] (19)
Therefore, based on equation (3.14), the black hole entropy can be expressed
as
S '
∫
δSmin
δAmin
dA =
1
4
∫
dA
~′
(20)
From the Bekenstein-Smarr differential mass formula [43, 44, 45]:
dM =
1
2
κdA+ ΦdQ+ ΩdJ (21)
where κ, Φ, and Ω denote the surface gravity, electrostatic potential of the
event horizon, and angular velocity of Kerr-Newman black hole with con-
served charge and angular momentum. It is easy to show that [31]
AH = r
d−4
+ ζ
2pi
d−1
2
Γ
(
d−1
2
) (22)
According to equations (3.13) and (3.14), ζ is a bridge which crosses the
gap between A and S, hence it has geometric and thermodynamic meanings
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[40]. Finally, we obtain the Bekenstein-Hawking entropy of charged rotating
TeV-scale black hole in the presence of the generalized uncertainty principle
cutoff effects as follows,
SGUP = pi
d−1
2
16Γ( d−12 )
×
∫ [(2αlp√r2++a2+4r2++4a2)+2(√r2++a2)(√(αlp+2√r2++a2)2−4α2l2p(1+16β2l2p(r2++a2)))]
[1+16β2l2p(r2++a2)]
×[
(d− 2) rd−3+ + a2 (d− 4) rd−5+
]
dr+.
(23)
It is easy to find that in the scenario of large extra dimensions, black hole
entropy decreases and the classical picture breaks down since the black hole’s
entropy is small. So, the semi classical entropy could be used to measure the
semi classical validity.
We now proceed to discuss some thermodynamic and related black hole pa-
rameters in terms of different dimension cases.
3.1. 4-dimensions case
When d = 4, we obtain ∆ as follows (see 3.2)
∆ = r2 + a2 − 2Mr +Q2 (24)
which admits a solution r±, identified as the inner/outer event horizons. The
outer event horizon is
r+ = M +
√
(M2 −Q2)− a2 (25)
In this case, the angular momentum J and charge Q must be restricted by(
J
M
)2〈(M2 −Q2). Other wise there is no horizon and one has a naked singu-
larity. In which follow we calculate Td
GUP for d = 4 (outer four-dimensional
brane)
TGUP4 =
1
16((αlpM+2ξ)piα2l2p)
×αlpM − ( −64M3α2β2l4p − 64J2α2β2l4p − 64M√M4 −M2Q2 − J2α2β2l4p−3M2α2l2p + 4Mξαlp + 4M3 + 4J2 + 4√M4 −M2Q2 − J2
)1/2
+ 2ξ

(26)
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where ξ =
√
M3 + J2 + 2
√
M4 −M2Q2 − J2. Based on the equation (3.11),
the GUP gives rise to the existence of a minimal mass which one can find it
by solving the following inequality
1
4
(
1 + 2
√−12α2β2l4p)2l2pα2(
16α2β2l4p − 1
)2 〈M +
√
M2 −Q2 − J
2
M2
+
J2
M2
(27)
This inequality can be solved numerically. One can find easily that the
Hawking temperature of a charged rotating micro black hole in 4-dimensions
space-time is only defined for M〉Mmax.
3.2. 6-dimensions case
Equation (3.6) for d = 6 reduces to
r3 + (a2 −Q2)r − µ = 0 (28)
which gives the event horizon radius as follows
r6+ =
χ
1
3
6
− 2 (a
2 −Q2)
χ
1
3
(29)
where χ = 108µ+12
√−12Q2 + 36Q4a2 − 36Q2a4 + 12a6 + 81µ2 and accord-
ing to the equation (3.3), µ = 0.46M . Obviously, the angular momentum
and charge should be restricted to avoid no horizon and naked singularity.
So, we obtain
TGUP6 =
3
16
((
3αlpMχ
1
3 +η
)
piα2l2p
)×3αlpMχ 13 −

−2304M2Q2α2β2l4p + 4608M2Q2a2α2β2l4p − 384M2χ
2
3Q2α2β2l4p
−2304Q2a4α2β2l4p + 384M2χ
2
3Q2a2α2β2l4p − 16M2χ
4
3α2β2l4p−
2304χ
2
3J2α2β2l4p − 27M2χ
2
3α2l2p + 6Mηχ
1
3αlp +M
2χ
4
3 + 24M2χ
2
3Q2
−24M2χ 23a2 + 144M2Q4 − 288M2Q2a2 + 144M2a4 + 144J2χ 23

1
2
+ η

(30)
with η =
(
M2χ
4
3 + 24M2χ
2
3Q2 − 24M2χ 23a2 + 144M2Q4 − 288M2a2Q2 + 144M2a4 + 144J2χ 23
) 1
2
.
In the same way, one can also obtain the Hawking temperature and Mmin
respectively for other dimensions.
In the scenario with large extra dimensions based on the ADD model in the
9
Figure 1: Hawking temperature for different space-time dimensions.
presence of the most general modified uncertainty principle, the temperature
of the higher dimensional charged rotating black hole increases with respect
to the dimensions in constant M (Figure 1). In fact, the higher dimensional
black holes at fixed event horizon radii are hotter and their minimum mass as
black hole remnant mass increase (see Figure 2). In this case, there is restric-
tion of the range of the parameters α and β, based on the equation (3.11)
and its respective minimum mass which shows that α and β cannot take
arbitrary value. Meanwhile, α and β are related parameters which depend
on the aspects of the candidates for quantum gravity proposal.
4. Effects of angular momentum and charge on thermodynamics
In order to characterize black hole, there are only mass, charge, and an-
gular momentum [46, 47]. Microscopic black holes are called thermal black
hole. This type of black holes are expected to go through different stages
during their life time [6] as follows: I) The balding phase: at this initial
stage, the black hole emits mainly gravitational radiations and sheds all the
quantum numbers and multiple momenta apart from those determined by
its mass, charge and angular momentum. II) The spin-down phase: during
this stage, the black hole starts losing its angular momentum through the
emission of Hawking radiation. III) The Schwarzschild phase: the black hole
is no longer rotating and continues to lose its mass in the form of Hawking
radiation. IV) The Planck phase: at this final stage the black hole mass ap-
proaches the true Planck scale as black hole remnant with mass Mmin which
10
Figure 2: Hawking temperature increases and shift vs. dimensions.
was discussed in the previous sections. The allowed initial particles forming
TeV-scale black holes at the LHC are quarks, anti-quarks, and gluons which
can form different types of the black holes in terms of charge and spin [49].
Although we are dealing with a micro black hole as a semi-classical black
hole, for simplicity we have considered the initial angular momentum of the
black hole due to the spin states of the incoming partons and ignore the
possibility of an initial small orbital angular momentum due to an impact
parameter.
Figure 2 shows the angular momentum effects on the minimum mass and
maximum Hawking temperature. The minimum mass and its order of mag-
nitude increases when angular momentum increases and meantime the tem-
perature peak displaces to the lower temperature (see Figure 3). After the
balding and spin-down phases, the black hole will decay via the semi-classical
Hawking evaporation process [50]. We have shown that after spin-down phase
the black hole continues to evaporate without rotation which is considered
as the Schwarzschild phase (Figures 4 and 5).
For the spin-down phase, the absorption probability also depends on the an-
gular momentum parameter and the space-time properties and emission rate
increases with the increase in the angular momentum [51]. Figures 3 and 4
show no special distribution in terms of the angular momentum during the
spin-down phase because this phase has a preferred axis for the bran local-
ized emission, the rotation axis of the TeV-scale black hole [52]. The initial
particles formed nine possible charge states: ±4
3
,±1,±2
3
,±1
3
, 0 [53]. Figure 6
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Figure 3: Spin-down phase effect on the black hole temperature.
Figure 4: Angular momentum, J, and mass, M vs. the Hawking temperature.
12
Figure 5: Continue evaporation after the spin-down phase.
shows the charge effects on the minimum mass and maximum Hawking tem-
perature of black hole. Obviously, when charge increases, the minimum mass
and its order of magnitude increases, and the temperature peak displaces to
the lower temperature as well as angular momentum effect. Here, we would
like to draw attention that we have described the higher dimensional Kerr-
Newman black hole geometry based on the solution of the Einstein equation
field in Ref. [31] due to the line element dependency to gauge charge com-
pared to the proposed solution in [54]. Although it was shown [55] that the
TeV-scale black hole charge will reach zero much faster than its mass and
the charge to mass ratio is much less than one [56], we have shown here that
charge is more effective on Hawking temperature variation compared to the
angular momentum in fixed mass (see Figure 7).
Therefore, if the fundamental Planck scale is of the order of TeV, the Large
Hadron Collider would produce charged rotating micro black hole which as
a consequence of their evaporation, degenerate to charged non-rotating TeV-
scale balck hole at the last stage and thus yield charged black hole remnants.
5. Frame dragging and Sagnac effect
The rotation in space-time has became the source of stimulating and
fascinating physical issues for a couple of decades. The interferometrical
detection of the effects of rotation has a long story dating back to the end
of the XIX century which can be found in [57]. In 1913, Sagnac predicted
13
Figure 6: Effect of different charge amounts on Hawking temperature
[58, 59] a fringe shift for monochromatic light waves in vacuum, counter
propagating along a closed path in a rotating interferometer. In fact, Sagnac
in the first reported an experimental observation of the effect of rotation in
space-time. The Sagnac effect has been detected in many experiments [60,
61, 62], and it can be generalized in the framework of general relativity. The
standard Sagnac effect dynamics, in the background of natural splitting can
be described in terms of a gravito-electromagnetic formal analogy [63], which
leads to the formulation of the gravito-magnetic Aharonov-Bohm effect. It
has been shown [64, 65, 66] that the Sagnac phase shift and the time delay,
as effects of rotation on space-time, can be obtained by the above mentioned
analogy.
We investigate the Sagnac effect in the higher dimentional Kerr-Newman
fields in the presence of GUP considered in previous sections as a potential
solution of a microscopic charged rotating black hole. By generalizing the
conclusion of Rizzi and Ruggiero [64, 65, 66] for both the matter and light
beams, counter-propagating on a round trip in a interferometer rotating in
both flat and curved space-time, the GM Aharonov-Bohm phase shift is as
follows,
∆Φ =
2mς0
c~
∮
c
A˜Gdx˜ =
2mς0
c~
∮
s
B˜Gds˜ (31)
Here, the parameter m is the standard relative mass of particle moving in a
uniformly rotating frame. The proper time difference corresponding to (5.1)
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is obtained as
∆T =
2ς0
c3
∮
c
A˜Gdx˜ =
2ς0
c3
∮
s
B˜Gds˜ (32)
which can be measured by an observer provided with a standard clock. Equa-
tions (5.1) and (5.2) are based on the hypothesis that the two beams have
locally the same relative velocity in the reference frame defined by the con-
gruence Γ, and the particles are supposed to neglect their spins. The metric
we deal with is given in coordinate adapted to a congruence of asymptotically
inertial observers. So, we should define the time like congruence of rotating
observers. In this case, let us introduce the coordinate transformation
ct = ct′
r = r′
ϕ = ϕ′ − Ωdt′
θ = θ′
(33)
where c is constant and Ωd is angular velocity. The above transformation
defines the passage from a chart adapted to the inertial frame to a chart
adapted to the rotating frame [65]. Here, Ωd, is the angular velocity of the
observer . Now, one can obtain the space-time metric in coordinates adapted
to congruence of rotating observers and calculate the unit vectors field ς (x),
ςi = gi0ς
0 (34)
and the graviro-magnetic vector potential
A˜Gi ≈ c2
ςi
ς0
(35)
In order to investigate the Sagnac effect as a frame dragging effect at the
quantum gravity regime for charged rotating TeV-scale black holes, we con-
sider higher dimensional Kerr-Newman space-time in the presence of GUP.
We apply the above described formalism on relation (3.1) and consider the
counter-propagating beams around a charged rotating micro black hole, in its
equatorial plane along circular space trajectories by setting r = R = const.
We use again the units such that G = c = ~ = 1. Applying the transforma-
15
Figure 7: Effect of the angular momentum, J and charge, Q on the Hawking temperature
tion (5.3) to the metric (3.1) and setting θ = pi
2
, we obtain
ds2 =
[
1− µ
rd−3 − Q
2
r2
+ 2aΩd
(
µ
rd−3 − Q
2
r2
)
− Ω2d
[
r2 + a2
(
1 + µ
rd−3 +
Q2
r2
)]]
dt
− r2dr2
r2+a2− µ
rd−5−
Q2
r2
+
[
2a
(
µ
rd−3 − Q
2
r2
)
− 2Ωd
[
r2 + a2
(
1 + µ
rd−3 − Q
2
r2
)]]
dtdϕ
−
[
r2 + a2
(
1 + µ
rd−3 +
Q2
r2
)]
dϕ2
(36)
By obtaining the components of the vector field ς (x), for the gravito-magnetic
potential, we have
A˜G3 ≈
[
2Ωd
[
R2 + a2
(
1 + µ
Rd−3 − Q
2
R2
)]
− 2a
(
µ
Rd−3 − Q
2
R2
)]
×[
Ω2d
[
R2 + a2
(
1 + µ
Rd−3 +
Q2
R2
)]
− 2aΩd
(
µ
Rd−3 − Q
2
R2
)
+ µ
Rd−3 +
Q2
R2
− 1
]−1
(37)
Substituting (5.7) into equation (5.1) gives
∆Φ = 4pim
[
2Ωd
[
R2 + a2
(
1 + µ
Rd−3 − Q
2
R2
)]
− 2a
(
µ
Rd−3 − Q
2
R2
)]
×[
Ω2d
[
R2 + a2
(
1 + µ
Rd−3 +
Q2
R2
)]
− 2aΩd
(
µ
Rd−3 − Q
2
R2
)
+ µ
Rd−3 +
Q2
R2
− 1
]−1/2
(38)
On the other hand, for a photon, we can introduce the standard relative mass
m = ε = hν (39)
16
Figure 8: The phase shift Vs. mass variation
Incorporating GUP, the de Broglie relation is given by
λ =
1
p
(
1− αlpp+ α2l2pp2
)(
1 +
β2l2p
p2
(
1− αlpp+ α2l2pp2
))
(40)
or equivalently
ε = E
(
1− αlpE + α2l2pE2
)(
1 +
β2l2p
E2
(
1− αlpE + α2l2pE2
))
(41)
As a consequence by substituting (5.11) into (5.8), one can obtain the phase
shift of equation (5.1) as follows
∆Φ = 4piE
(
1− αlpE + α2l2pE2
) (
1 +
β2l2p
E2
(
1− αlpE + α2l2pE2
))×[
2Ωd
[
R2 + a2
(
1 + µ
Rd−3 − Q
2
R2
)]
− 2a
(
µ
Rd−3 − Q
2
R2
)]
×[
Ω2d
[
R2 + a2
(
1 + µ
Rd−3 +
Q2
R2
)]
− 2aΩd
(
µ
Rd−3 − Q
2
R2
)
+ µ
Rd−3 +
Q2
R2
− 1
]−1/2
(42)
and accordingly for the time delay of equation (5.12), we obtain
∆Φ = 4pi
[
2Ωd
[
R2 + a2
(
1 + µ
Rd−3 − Q
2
R2
)]
− 2a
(
µ
Rd−3 − Q
2
R2
)]
×[
Ω2d
[
R2 + a2
(
1 + µ
Rd−3 +
Q2
R2
)]
− 2aΩd
(
µ
Rd−3 − Q
2
R2
)
+ µ
Rd−3 +
Q2
R2
− 1
]−1/2
(43)
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According to equations (5.12) and (5.13), we find that the Sagnac effect de-
pends on angular velocity, the path of the beams of the observers, the angular
momentum, charge, the gravitational mass, and extra dimensions. Also, the
phase shift depends on space-time structure in presence of the GUP. One can
find that if Ωd vanishes, a phase shift appears due to the source of gravita-
tional field properties such as its angular momentum, mass, etc. Obviously,
a charged rotating micro black hole could produce micro gravitational waves
due to the mass variation in different phases of the Hawking radiation which
needs more investigation (Figure 8).
6. Conclusion
In this paper, we have calculated the Hawking temperature (equation
3.11) and the Bekenstein-Hawking entropy (equation 3.18) of a charged ro-
tating TeV-scale black hole in the framework of the extra dimensions scenario
based on the ADD model through a most general form of the GUP as our
primary input. In such an extra dimensional scenario in the presence of the
GUP, the black hole temperature increases with respect to the dimensions
(Figure 1). It is evident that in large extra dimensions the higher dimen-
sional black hole at fixed event horizon radii is hotter and its minimum mass
increases (Figure 2) which is more than its four dimensional counterpart. It
yields charged rotating black hole remnant. Also, the angular momentum
affects the minimum mass of the black hole and maximum temperature. We
have shown that the minimum mass and its order of magnitude increases
when angular momentum increases while the temperature peak shift to the
lower temperature (Figures 3 and 4).
The black hole evaporation continues after the spin-down phase without any
rotation which is considered as the Schwarzschild phase (see Figure 5). Ad-
ditionally, the electric charge affects on minimum mass of the black hole and
maximum Hawking temperature as well. It is also shown that the minimum
mass and its order of magnitude increase and the temperature peak shift
to lower temperature when the electric charge increases (Figure 6). It is in
full agreement with the results of previous manuscript of authors [56]. We
have shown that the charge variation is more effective on the temperature
compared to the angular momentum variation (see Figure 7). We have also
calculated the phase shift and time delay related to the frame dragging and
Sagnac effect of charged rotating TeV-Scale black hole.
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